Even though 15% to 50% of patients with head and neck squamous cell carcinoma (HNSCC) experience recurrence, relatively little is known regarding patterns of treatment failure and postrecurrence outcomes after chemoradiotherapy using modern radiation techniques (intensity-modulated radiotherapy [IMRT]). Recurrence patterns are significantly affected by variations in the quality of radiotherapy, which may confound findings from multicenter trials.
I ntensity-modulated radiotherapy (IMRT) has become the standard of care for definitive and postoperative treatment of head and neck squamous cell carcinoma (HNSCC), replacing conventional radiation techniques. 1, 2 Intensitymodulated radiotherapy has allowed for more precise delivery of radiation to areas of tumor and lymphatic basins while sparing surrounding structures in the head and neck, which has resulted in a significant decrease in toxic effects. [3] [4] [5] A detailed understanding of the natural history and patterns of treatment failure associated with HNSCC is critical for the design of clinical trials in the setting of recurrence. However, studies of recurrence after radiotherapy for HNSCC from multicenter trials can be significantly affected by variations in the quality of IMRT and treatment center volume. 6, 7 As such, even though 15% to 50% of patients with HNSCC will experience recurrence, true patterns of treatment failure, as well as their associations with IMRT treatment fields with the use of adequate and modern treatment techniques, are not well established. The study of the patterns of disease spread after recurrence following IMRT, therefore, needs to first ensure adequate locoregional therapy to differentiate recurrences due to suboptimally delivered radiotherapy from recurrences resulting from truly treatment-resistant disease.
We describe the natural history following recurrence of HNSCC in a large population treated with contemporary chemoradiotherapy techniques, with few treatment failures associated with the quality of radiotherapy. By studying this population, in which treatment failures due to inadequate radiation targeting are minimal, we reveal nuances in treatment failure patterns and postrecurrence outcomes that reflect disease course and biology and are relatively unbiased by artifacts of suboptimal radiotherapy.
Methods
The Memorial Sloan Kettering Cancer Center tumor registry and radiation oncology departmental databases were used to identify patients with stage III to IVB HNSCC with a diagnosis of oropharyngeal carcinoma (OPC), laryngeal carcinoma (LC), or hypopharyngeal carcinoma (HPC) treated with definitive IMRT or patients with oral cavity carcinoma (OCC) treated with postoperative IMRT between December 1, 2001 , and December 31, 2013, without recurrent or distant metastatic disease at the time of treatment. Only patients who completed the prescribed course of IMRT were included. Approval for this study was provided by the Memorial Sloan Kettering Cancer Center Institutional Review Board, who granted a waiver of informed consent for retrospective analysis of individual patient data.
Patient and Staging Information
A complete medical history, a physical examination with fiberoptic nasopharyngoscopy, and computed tomography (CT) and/or magnetic resonance imaging of the head and neck were performed as part of the pretreatment evaluation. Additional imaging included a plain radiograph, CT of the chest, or positron emission tomography (PET). All patients were restaged according to the 7th edition of the American Joint Committee on Cancer staging manual. 8 For patients with OPC, human papillomavirus (HPV) or p16 positivity was defined as either p16 positivity determined by immunohistochemistry and/or HPV positivity by in situ hybridization (ISH). Immunohistochemical results for p16 were considered positive when strong and diffuse nuclear and cytoplasmic staining was observed in 70% or more of tumor cells.
9 Human papillomavirus ISH was performed with a probe for HPV types 16, 18, 31, 33, and 51; positivity for HPV ISH was defined as any positive staining. Cases were defined as negative for HPV or p16 with negative p16 immunohistochemical results or negative results on HPV ISH. Cases were defined as HPV unknown if neither p16 immunohistochemistry nor HPV ISH information was available.
Radiotherapy
For each patient, the recommended course of treatment was formulated with the input of a multidisciplinary team including a radiation oncologist, medical oncologist, head and neck surgeon, pathologist, and radiologist. Details regarding head and neck IMRT planning have previously been described in detail 5, [10] [11] [12] [13] ; the IMRT field design evolved over the course of the study period based on observed patterns of treatment failure (eAppendix in the Supplement).
Systemic Therapy
High-risk patients were treated with concurrent systemic therapy based on the treatment recommendation of the multidisciplinary team, taking into account clinicopathologic factors and patient comorbidity and preference. In most cases, cisplatin was administered at a dosage of 100 mg/m 2 every 3 weeks or 30 to 40 mg/m 2 weekly. Alternatively, patients were treated with cetuximab given as an initial loading dose of 400 mg/m 2 followed by weekly cycles of 250 mg/m 2 . In a minority of cases, other systemic regimens were used, including cisplatin and bevacizumab (as part of a clinical trial), carboplatin and paclitaxel, or carboplatin and fluorouracil.
Key Points
Question What are the patterns of treatment failure and postrecurrence outcomes among patients with head and neck squamous cell carcinoma (HNSCC) treated with modern definitive therapy?
Findings This cohort study of 1000 patients with HNSCC found that locoregionally recurrent disease among patients positive for human papillomavirus is associated with an improved prognosis and that, compared with other HNSCCs, patients with oral cavity carcinoma displayed unique patterns of treatment failure and particularly poor outcomes after metastasis. The study also found a subset of patients with oligometastasis who experienced prolonged survival.
Meaning Survival after recurrence of HNSCC is influenced by the HNSCC subsite and human papillomavirus status. An oligometastatic phenotype is associated with improved survival.
Follow-up
Patients were evaluated weekly during IMRT, every 2 to 3 months for the first 2 years following treatment, and, subsequently, every 4 to 6 months. Follow-up visits consisted of a physical examination and flexible fiberoptic nasopharyngoscopy. Three months after treatment, PET and CT or magnetic resonance imaging of the neck were performed. Afterward, imaging studies were performed as clinically indicated. Chest radiographs or other imaging were performed annually to assess for distant metastases (DMs) as indicated. Patients with evidence of metastatic disease underwent systemic restaging, typically with whole-body PET and CT scan.
Event Definitions
Locoregional or distant recurrences were documented by biopsy unless there was clear radiographic evidence of metastatic disease. Local treatment failure was defined as recurrence at the site of the initial primary tumor, regional treatment failure as the development of recurrence in cervical lymph nodes, and distant treatment failure as recurrence in an organ outside of the head and neck. The presence of oligometastatic disease was determined based on the results of a clinical evaluation and systemic radiographic imaging (typically with whole-body PET and CT scan) demonstrating fewer than 5 metastatic lesions.
Statistical Analysis
Statistical analysis was performed from January 31, 2016, to February 17, 2017. Local, regional, and distant treatment failure following the end of IMRT were estimated separately using cumulative incidence analysis and compared using the Gray test. The time to each event following upfront treatment was measured from the end of IMRT. The time to each event following recurrence was measured from the date of diagnosis of recurrence. Deaths without the event of interest or treatment failure patterns different from the event of interest (ie, local, regional, or distant) were considered competing risk events. Overall survival (OS) was estimated using the KaplanMeier method with log-rank testing for comparison between groups. Univariate and multivariate analyses were conducted with Cox proportional hazards regression models. Statistical analyses were performed with SPSS version 24 (IBM Corp) and R version 3.2 (http://www.R-project.org); all analyses were 2-sided and used a significance level of P < .05.
Results
Baseline patient and tumor characteristics are shown in eTable 1intheSupplement. The median follow-up among surviving patients was 65.1 months. A total of 908 of 1000 patients (90.8%) received concurrent systemic therapy; among these patients, no significant difference was observed with regard to the proportion that received cisplatin every 3 weeks or cetuximab vs other agents or regimens (determined by the χ 2 test). The median follow-up after initial treatment was 56.6 months, and median follow-up after recurrence was 12.1 months.
Treatment Failure Patterns Across HNSCC Subsites
A total of 243 patients ultimately developed recurrence. A total of 147 patients developed locoregional failure (LRF): 112 were isolated, 28 were synchronous with DM, and 7 occurred more than 3 months following DM. A total of 143 patients experienced DM: 96 were isolated, 28 were synchronous, and 19 occurred more than 3 months following LRF. At 5 years, the cumulative incidence of local treatment failure was 4.2% among patients with OPC, 21.3% among patients with OCC, 11.4% among patients with LC, and 11.1% among patients with HPC ( Figure 1A) . The cumulative incidence of regional nodal failure was 2.9% among patients with OPC, 8.4% among patients with OCC, 5.6% among patients with LC, and 2.2% among patients with HPC ( Figure 1B ). The cumulative incidence of DM was 12.7% among patients with OPC, 15.7% among patients with OCC, 18.9% among patients with LC, and 30.1% among patients with HPC ( Figure 1C ). Local, regional, and distant treatment failures were less common among patients with OPC positive for HPV or p16 vs those with OPC negative for HPV or p16, with 2-year cumulative incidences of 0.9% vs 12.3% (P < .001) for local treatment failure, 2.7% vs 6.2% (P = .06) for regional treatment failure, a n d1 0 . 1 %v s1 6 . 8 %( P = .05) for distant treatment failure (eFigure 1 in the Supplement). Five-year rates of OS by subsite were 80.8% for OPC (HPV or p16 positive, 85.2%; HPV or p16 negative, 66.9%), 53.2% for OCC, 56.3% for LC, and 48.9% for HPC ( Figure 1D ), with survival significantly improved among patients with OPC positive for HPV or p16 compared with those with OPC negative for HPV or p16 and all other subsites (P < .001).
Comparisons of the patterns of treatment failure between OCC and non-OCC subsites demonstrated a higher proportion of isolated LRF as opposed to DM or synchronous LRF and DM among 29 of 45 patients with OCC (64.4%) (eFigure 2 in the Supplement) despite the fact that all patients with non-OCC HNSCC received unimodality or bimodality treatment and 51 of 125 patients with OCC (40.8%) r CXeceived trimodality therapy. Pairwise comparisons of cumulative incidence across subsites demonstrated increased rates of local and regional treatment failure associated with OCC ( Figure 1A and B). Fifty-one patients with OCC had indications for concurrent systemic therapy (32 extracapsular extension, 12 positive margin, and 7 both), of which 48 received systemic therapy (94.1%; 2 refused, and 1 was not a medical candidate). Three of the remaining 74 patients (4.1%), without positive margin or extracapsular extension, received systemic therapy based on multiple other adverse features. No difference in LRF was observed between patients with OCC based on receipt of systemic therapy, and higher risk of local and regional treatment failure among patients with OCC was still observed when excluding patients who did not receive systemic therapy. Rates of local failure and regional failure were no different between patients who received cisplatin every 3 weeks compared with those who received weekly cisplatin or carboplatin and fluoruracil (2-year local and regional control, 94.7% vs 96.8%; P = .21; and 94.6% vs 95.3%, P = .45, respectively). Patients with HPC demonstrated the highest rates of DM.
Outcomes Following Locoregional Recurrence
Patient characteristics at the time of LRF are shown in eTable 2intheSupplement. Overall survival following LRF did not differ between patients with OPC, OCC, LC, or HPC ( Figure 2A) . Results of univariate and multivariate analysis performed among patients with LRF are shown in the Table. Univariate analysis revealed a Karnofsky performance status (KPS) greater than 70, an age younger than 70 years, receipt of salvage surgery (eFigure 3 in the Supplement), and salvage irradiation to be associated with survival following LRF. On multivariate analysis, a KPS greater than 70 and receipt of salvage surgery were associated with survival. In patients with OPC, survival following LRF was significantly longer among those positive for HPV or p16 compared with those negative for HPV or p16 (median OS, 36.5 vs 13.6 months; P = .007) ( Figure 2C ). Among patients with OCC and LRF, no significant difference in OS following LRF was observed based on margin status (positive vs negative margin) or the presence of extracapsular extension (presence vs absence). Among patients who underwent a modified radical neck dissection, a median of 32 lymph nodes were removed (range, 12-78 lymph nodes), and only 1 patient had fewer than 18 nodes removed. ; P < .001), followed by laryngeal carcinoma (LC) (HR, 2.6; 95% CI, 1.4-4.9; P = .004) and hypopharyngeal carcinoma (HPC) (HR, 2.5; 95% CI, 1.0-6.3; P = .06). Compared with OPC, OCC also demonstrated the highest cumulative incidence of regional treatment failure (HR, 2.2; 95% CI, 1.0-45; P = .04), followed by HPC (HR, 1.6; 95% CI, 0.5-5.1; P = .40) and LC (HR, 1.4, 95% CI, 0.6-3.3; P = .40). Hypopharyngeal carcinoma demonstrated the highest incidence of distant treatment failure compared with OPC (HR, 2.6; 95% CI, 1.5-4.6), followed by LC (HR, 1.5; 95% CI, 0.9-2.4; P = .08) and OCC (HR, 1.3; 95% CI, 0.8-2.2; P = .31). Overall survival was significantly longer for patients with OPC positive for human papillomavirus (HPV) or p16 compared with all other subsites combined (HR, 0.45; 95% CI, 0.36-0.57; P < .001). 
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Outcomes Following DM
The time from DM to death was significantly shorter among patients with OCC than among patients with OPC, LC, or HPC ( Figure 2B ; median OS: OCC, 3.9 months; non-OCC, 12.9 months; P < .001). On univariate analysis, the factors associated with survival following metastasis included a KPS greater than 70, a solitary metastatic tumor, receipt of a cetuximab-containing palliative regimen, a non-OCC primary tumor, and the time to metastasis. On multivariate analysis, the factors associated with survival following DM included the time to metastasis, a KPS greater than 70, a non-OCC primary tumor ( Figure 2B ), receipt of a cetuximabcontaining palliative regimen (eFigure 7 in the Supplement), and a solitary metastatic tumor ( Figure 2D and Table) . The time from DM to death was not significantly different between patients with OPC positive for HPV or p16 and 
Oligometastasis
Nineteen patients presented with a single site of DM, 13 of which were in the lung, 2 in noncervical lymph nodes, 1 in bone, 1 in soft tissue, 1 in skin, and 1 in the heart. Seventeen of the lesions were detected on routine follow-up imaging, and 2 patients presented with symptoms prompting further evaluation. All solitary metastatic lesions were verified by biopsy. Median OS was significantly improved among patients with a single metastasis (25.7 months) vs those with 2 to 4 (11.3) or 5 or more metastases (7.5 months) (P = .002) ( Figure 2D ). Patients who received definitive local therapy with surgery or radiotherapy (n = 14) for a single metastasis survived longer than those who did not (n = 5; 2-year OS, 55.7% vs 20%; P < .001), although the patients who did not receive local therapy were of poorer KPS. Among patients with solitary metastasis, 7 of 19 (36.8%) were from OPC positive for HPV or p16 (eTable 6 in the Supplement), but no significant difference in survival following DM between HPV-or p16-positive and HPV-or p16-negative OPC solitary metastatic disease was seen (5-year survival, 21% vs 33%; P = .65). Furthermore, no difference was seen in survival following DM when comparing OPC positive for HPV or p16 and the remainder of HNSCC subsites (5-year survival, 21% vs 46%; P = .66). No difference was seen with regard to median time to metastasis between patients with 1 (8.7 months), 2 to 4 (9.0 months), or 5 or more lesions (9.7 months) (P = .91).
Discussion
In this cohort of 1000 patients with locally advanced HNSCC treated with definitive locoregional therapy, we have performed a detailed analysis of the patterns of treatment failure and outcomes following recurrence. Accurate analysis of recurrence patterns and outcomes after recurrence can be significantly affected by variations or errors in radiation target delineation that can affect rates of LRF and OS by approximately 20% and hamper interpretation of multi-institutional prospective trials in both the upfront and recurrent or metastatic settings. 6, 7, 14, 15 As such, this large, single-institution study in which patients were treated in a relatively uniform manner minimizes the confounder of variation in the quality of locoregional treatment with that of biologically aggressive disease and allows for analysis of the true patterns of recurrence and natural history after adequate treatment. This finding is supported by the fact that no marginal or isolated out-of-field recurrences were observed in our treatment cohort. In addition to IMRT, the quality of other treatment modalities, including supportive care, likely contribute to the improved outcomes achieved at high-volume centers.
7
Our study reveals that patients with OCC experience unique patterns of treatment failure and outcomes compared with patients with other HNSCC primary tumor sites. In particular, the primary pattern of treatment failure is locoregional, within the radiation field, despite many patients receiving trimodality therapy. In addition, following DM, patients with OCC experience poor OS (median, 3.9 months). In smaller studies, poor outcomes have been seen in the setting of pulmonary metastasis from OCC. 16, 17 This finding may be a reflection of more aggressive biology and resistance to chemotherapy and radiation, as well as poor performance status resulting from upfront trimodality treatment of OCC and associated morbidity. 
Research Original Investigation Patterns of Treatment Failure and Postrecurrence Outcomes in Head and Neck Cancer
Genomic data have begun to reveal subsets of oral cancers with distinct molecular profiles and unique molecular drivers, including a subset of patients with CASP8 (OMIM 601763)with or without a FAT1 (OMIM 600976) mutation. [18] [19] [20] Further work is needed to better characterize the underlying genomic and biological basis for particularly aggressive and treatmentrefractory disease in the setting of metastatic OCC to identify effective treatments for this population.
Patients with a solitary metastatic lesion at the time of DM experienced significantly improved outcomes, with a significant proportion living 5 or more years. Most of these patients underwent local therapy to the site of oligometastasis with either surgery or radiotherapy with definitive intent. The limited number of patients with a solitary metastatic lesion did not allow for thorough analysis of the effectiveness of such therapies, although it is consistent with reports of improved survival following resection of limited pulmonary metastases in HNSCC 17,21-25 and prospective randomized data suggesting a benefit for consolidative local therapy in oligometastatic non-small cell lung cancer. 26 This finding, in addition to the observation that salvage surgery is strongly associated with improved survival following LRF, suggests a real effect of definitive therapies for limited recurrent or metastatic disease. Most of the solitary metastatic lesions in our cohort presented in the lungs, and some may be attributable to second primary squamous cell carcinomas of the lung. 27 Most of the solitary metastatic lesions (13 of 19) were detected in asymptomatic patients with the use of full-body PET or CT scans in routine follow-up, suggesting that this imaging modality may be preferable for follow-up. We found that patients with OPC positive for HPV or p16 survived significantly longer after LRF compared with those with OPC negative for HPV or p16. Fakhry et al 28 retrospectively assessed the natural history following recurrence of OPC positive for p16 vs OPC negative for p16 among patients enrolled in the Radiation Therapy Oncology Group trials 0129 or 0522 and found that survival following both DM and LRF was significantly better in the group with OPC positive for p16. We did not find a difference in OS after DM or solitary metastasis between patients with OPC positive for HPV or p16 and patients with OPC negative for HPV or p16, but both studies are limited in sample size. Additional larger studies will therefore be needed to clarify whether the prognosis following DM in disease positive for HPV or p16 is distinct from that of disease negative for HPV or p16. Across all subsites, our multivariable analysis additionally revealed a survival difference following salvage surgery after locoregional recurrence, which was also seen by Fakhry et al 28 in the setting of recurrent OPC.
Reduction of electively irradiated nodal basins (treatment of nodal regions without evidence of gross disease but that are at risk for micrometastatic involvement) represents a means to render IMRT less toxic. 29, 30 Our study demonstrated that, in definitive cases, 87.3% of regional recurrences occurred at the sites of gross disease, with isolated recurrences in elective nodal volumes occurring in less than 1% of cases, similar to prior work. 31, 32 The low rate of treatment failures in electively treated nodal basins raises the possibility that the dose of radiation to these areas may be reduced or possibly eliminated in select cases, as suggested by a recent prospective trial that demonstrated no compromise in outcomes with elimination of elective nodal coverage in select patients who responded well to induction chemotherapy. 33 We identified 3 cases of recurrence in the anterior superficial lymphatic chain after IMRT for OCC, a location that is not traditionally ascribed significant risk, although treatment failures have been previously noted. 34 Consideration should be given to elective nodal coverage of this region in the postoperative setting with the use of a bolus to ensure an adequate dose superficially.
Limitations
Our study is limited by its retrospective nature and associated biases. The subsites were not matched for varying stages of disease, which may affect differences in the outcomes observed but also more accurately reflects differences between subsites in disease stage at presentation. Furthermore, systemic therapy was not delivered uniformly across the entire cohort, although the proportions of patients receiving cisplatin every 3 weeks, for which the most evidence exists, as opposed to an alternative agent or regimen were similar among patients who received systemic therapy across HNSCC subsites. Owing to the evolving epidemiologic patterns of HNSCC and the increased incidence of OPC positive for HPV, other subsites are underrepresented in our cohort.
Conclusions
We have shown that patients with OCC demonstrate unique treatment failure patterns and postrecurrence outcomes. In addition, survival after recurrence of HNSCC is influenced by KPS, subsite, HPV or p16 status, salvage surgery, burden of disease, and the palliative use of cetuximab. These findings have important implications for clinical trials assessing treatment de-escalation and approaches for patients with recurrent or metastatic HNSCC, particularly those with oligometastatic disease. 
eAppendix. Methods
Radiotherapy techniques
Primary gross tumor volume (GTV) included all discernible gross disease appreciated on clinical examination, nasopharyngoscopy, imaging and operative and pathology reports. Primary nodal GTV included all proven or suspicious (>1 cm, necrotic, enhancing, or FDG avid) lymph nodes. The high risk clinical target volume (CTV 59.4-60 ) at the primary site was defined as GTV plus a margin of 1.0-cm to 1.5-cm. For OPC, in the node positive neck, CTV 59.4-60 included levels II-IVa+b and retropharyngeal (RP) lymph nodes. In the node negative neck, CTV 54 included levels II-IVa and the RP nodes. For LRX, the high-risk clinical tumor volume (CTV 59.4-60 ) encompassed the supraglottic, glottic and subglottic larynx, as well bilateral cervical levels II-IV and level VIa. For HPX, the highrisk clinical tumor volume (CTV 59.4-60 ) margin around the GTV based on patterns of failure for the hypopharynx, including the bilateral RP nodes and levels II-IV. For OPC, LRX, and HPX, levels I and V were included when clinically involved or at risk. As data emerged over the course of the study period regarding low risk of cervical nodal failures in specific lymph node basins in OPC patients, we gradually removed these areas from our elective nodal volumes. These include level V (2009), level IB (2011) and higher retropharyngeal nodes in the uninvolved neck (2013) [1] [2] [3] [4] . Our current HNSCC target delineation practices have been previously described in detail 5 .
For OCC, details regarding delineation of target structures, total doses, and dose per fraction specifications used at MSKCC have been previously described in detail 6 . The CTV 60-66 included the post-operative bed within the oral cavity. If margins were positive or close, the dose was increased to 66 Gy. The involved neck was included in the CTV 60-66 with areas of pathologic extranodal extension boosted to 66 Gy. The contralateral uninvolved neck was included in the CTV 54 . PTV margin expansions were the same as used for definitive IMRT cases. In the presence of gross disease, The PTV 70 was defined as the CTV 70 plus a margin of 0.3-cm to 0.5-cm, and the PTV 59.4-60 and PTV 54 were defined as their respective CTVs plus an identical margin range.
In the definitive setting, dose was prescribed in one of two ways: either with 2.12 Gy, 1.8 Gy, and 1.64 Gy daily fractions over a course of 33 days to the PTV 70 , PTV 59. 4 , and PTV 54 , respectively, or with a cone-down technique with 2 Gy daily fractions to PTV 70 and PTV 60 and 1.8 Gy daily fractions to PTV 54 for 30 days followed by 5 additional 2 Gy fractions to PTV 70 . The lower neck was either included in the IMRT fields or included in a low anterior neck field matched to the IMRT fields. Treatment planning was performed using an in-house treatment planning software.
Regional nodal failure mapping
Regional nodal failures were delineated on diagnostic imaging and co-registered with the original treatment planning CT. The failure was classified as in-field, marginal or out-offield based on the relative volumes of the recurrent nodes covered by the 95% prescription isodose region in the original treatment plan. In-field was defined as 95% of the lesion within the 95% isodose, marginal as 20-95% within the 95% isodose and out-of-field as <20% within the 95% isodose. This classification was used for GTV dose levels (70 Gy) as well as CTV dose levels (54-66 Gy). In this way, recurrences were defined as in-field GTV, in-field CTV, marginal or out-of-field. The distributions of the recurrent nodes were then documented according to the cervical nodal levels. In cases of recurrence spanning multiple cervical nodal levels, the recurrence was enumerated for each involved level.
Salvage treatment
Locoregional salvage treatment following locoregional recurrence was documented for each case. Salvage surgery was defined as excision of recurrent disease with definitive or palliative intent including resection of disease at the primary site of local failure and/or cervical neck dissection of any kind. The decision to undergo salvage surgery was based on the decision of the multidisciplinary team. Reasons for not undergoing salvage surgery include synchronous distant metastasis, unresectable disease, poor performance status and patient refusal. Salvage re-irradiation was defined as the administration of a second course of radiation to a previously treated recurrent site as part of a treatment regimen with definitive or palliative intent. Salvage radiation treatment modalities included photon IMRT, proton therapy, brachytherapy or intraoperative radiation. For patients who received fractionated photon or proton re-irradiation, treatment was performed +/-concurrent radiosensitizing chemotherapy. HPV=human papillomavirus.
